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(54) Video dental/medical instrument 

(57) A dental/medical instrument (10) with an inter- 
nal imaging or video system wherein the body (12) of 
the instrument is readily detachable from a connector 
(14) portion. The instrument preferably contains a 
swivel feature which allows the body to swivel or rotate 
360 degrees relative to the connector, and any hoses or 
cables attached to the connector, while the instrument is 



in use. The body of the instrument contains a drill (26) 
or other operative tool. Illumination is provided to the 
drill and work area (50) adjacent the tool, and images 
therefrom are transferred to an imaging system which 
includes a CCD camera (60) within the instrument. 
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Description 

1 . Field of the Invention 

The present invention pertains generally to dental 
and medical instruments which include imaging sys- 
tems, and more particularly to a dental/medical instru- 
ment having an illumination and imaging system which 
allows for 360 degree rotational motion of the instru- 
ment body relative a connector portion. 

2. Description of the Related Art 

Dental handpieces are commonly used in restora- 
tive dental procedures such as removal of decayed or 
damaged portions of teeth by drilling or abrasion, 
thereby allowing replacement thereof by metallic or 
other synthetic f tiling materials. This type of dental oper- 
ation is frequently performed in portions of the oral cav- 
ity which are not in direct view. Traditionally, dentists 
have employed small mirrors mounted on handles in 
rder to view the area of the dental operation. Such use 
of mirrors is difficult and does not always provide a clear 
view of the operating area. The dentist's view of the 
operation is further hindered by the water jet accompa- 
nying the drill, which tends to mist or otherwise obscure 
mirror surfaces. Similarly, physicians and other medical 
personnel must frequently perform procedures in areas 
which can be hidden by tissue, organs and the like. 

Advances in video and endoscopic technology 
have given rise to the development of dental and medi- 
cal instruments which include video or other imaging 
systems which reduce the need for mirrors during den- 
tal operations. For example, U.S. Patent No. 5,178,536 
discloses a dentistry set having a head inclined with 
r spect to a drill axis and using visual control, wherein 
an illuminating head provides light from a fiber-optic to 
the area about a drill bit and images therefrom are 
transmitted through a window via mirrors to a CCD cam- 
era. U.S. Patent No. 5,052,924 discloses a fiber-optic 
imaging dental drill in which a fiber-optic imaging scope 
conveys images to a solid state video pickup. U.S. Pat- 
ent Mo. 5,049,070 discloses a dental drill with integral 
camera and optics which illuminates a work area by 
fiber-optic lens and relays images of the work area to a 
video imaging device. U.S. Patent No. 4,917,603 dis- 
clos s a dental isolation system having a fiber-optic illu- 
minati n and viewing system. 

As can be seen therefore, a number of dental tools 
with illuminating and imaging systems are known. How- 
ever, such devices suffer from an important drawback in 
that the handpiece cannot swivel or otherwise rotate rel- 
ative to an attached supply hose. 

Many non-imaging dental handpieces include a 
swivel feature which allows the handpiece to swivel or 
rotate during use relative to the attached supply hose. 
The swivel motion of the handpiece facilitates access to 
portions of the oral cavity and reduces stress and 



fatigue in the hand of the dentist using the handpiece. 
Various arrangements have been disclosed which allow 
transmission of air, water, and illuminating light through 
a swivel connector or swivel feature without interruption 

5 during rotation of the handpiece. See, for example, U.S. 
Patent No. 4,614,498, U.S. Patent No. 4,534,734, U.S. 
Patent No. 4,512,189, and U.S. Patent No. 4,431,412, 
which disclose dental handpieces in which light, air, 
water, and illumination, but not images, are carried 

io through a swivel connection. Inclusion of such a swivel 
feature in an imaging or video dental handpiece would 
require that a fiber-optic or other optical communication 
channel remain interfaced to the imaging system during 
the rotation or swivelling motion of the handpiece. A 

is transmitted image through such moving parts is easily 
distorted or destroyed, and is thus difficult to implement. 
A dental handpiece with an imaging system which pro- 
vides for 360 degree rotational movement of the body of 
the handpiece relative to a connector and supply hose 

20 has not heretofore been disclosed. 

Thus, there is a need for a video dental/medical 
instrument in which the body of the instrument can 
swivel or rotate 360 degrees relative to the connecting 
hose or cable while transmitting undistorted images 

25 therebetween, which will not stress or tire the hand of a 
person using the instrument, and which has a readily 
detachable and interchangeable body. The present 
invention satisfies these needs, as well as others, and 
generally overcomes the deficiencies found in back- 

30 ground art dental/medical instruments with imaging sys- 
tems. 

* The foregoing patents reflect the state of the art of 
which the applicant is aware and are tendered with the 
view toward discharging applicant's acknowledged duty 
35 of candor in disclosing information which may be perti- 
nent in the examination of this application. It is respect- 
fully stipulated, however, that none of these patents 
teach or render obvious, singly or when considered in 
combination, applicant's claimed invention. 

40 

SUMMARY OF THE INVENTION 

The present invention pertains to a video den- 
tal/medical instrument wherein the body of the instru- 
45 merrt may be readily detachable from a connector 
portion, and which provides for the body of the instru- 
ment to be rotated 360 degrees during use relative to 
the connector and any supply hose or cable attached to 
the connector. 

so An apparatus in accordance with the present inven- 
tion comprises a generally elongated body portion hav- 
ing a head for attachment of a dental tool, medical tool, 
or other operative tool, and a generally elongated con- 
nector portion which is detachable from the body por- 

55 tion. The body and connector portions are detachably 
coupled, and include at their point of coupling a swivel 
means which provides for rotation of the body and con- 
nector portions relative to each other. Preferably, 
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included within the body and connector portions is an 
illumination transferring means for transferring light from 
a light source located in the connector portion to the 
work area adjacent to the tool. The body portion may 
also include an image transferring means for transfer- 5 
ring images to an image detection means located either 
internally or externally to the connector portion. 

The illumination transferring means preferably com- 
prises two flexfcle incoherent ffoer-optic bundles, 
although fused coherent fiber-optic bundles could alter- 10 
natively be used. One such bundle is preferably con- 
tained within the body portion, while the other may be 
located within the connector portion. The fiber-optic 
bundle in the connector may have a tight bundled end 
adjacent to the light source and a flared annular end is 
adjacent to the swivel means, whereas the bundle in the 
body may have a flared annular end adjacent to the 
swivel means and a pair of tight bundled ends adjacent 
to the head of the body in a bifurcated configuration. 
The flared annular ends of the two bundles may be 20 
coaxially aligned with the rotational axis of the body and 
connector, and are in optical communication when the 
body and connector are joined together to allow transfer 
of light therebetween. As an alternative to the bifurcated 
configuration of the fiber-optic bundle in the body, the 25 
head end can be a single tight bundled end. As a further 
alternative, the head end of the bundle in the body can 
be fashioned into a flared annular end. with the image 
transferring means coaxially aligned within the flared 
annular end. 30 

The image transferring means preferably com- 
prises a fused coherent fiber-optic bundle located in the 
body. One end of the fiber-optic bundle may be situated 
adjacent to the head to receive images from the work 
area, and the other end positioned adjacent to coupling 35 
end of the body and coaxially aligned with the rotational 
axes of the body and connector. The image transferring 
means preferably projects the image into an open coax- 
ial path in the connector. In the preferred embodiment 
an objective lens is positioned in the body at the end of 40 
the bundle adjacent to the work area, and a focusing 
lens is positioned in the connector at the coupling end 
ah ad of the image detection means. In an alternative 
mbodiment, the focusing lens can be positioned in the 
coupling end of the body. As a further alternative, a first 45 
focusing lens can be positioned in the coupling end of 
the body, and a second focusing lens positioned adja- 
cent to the imaging means, with an imaging fiber-optic 
bundle located in the connector between the coupling 
end and the second focussing lens. With each of these so 
configurations, images are transferred along a coaxial 
optical path to the imaging means, the coaxial path 
extending between the body and connector through the 
swivel means. In this regard, note that the imaging path 
preferably passes through the coaxial opening in the ss 
flared ends of the fiber-optic bundles of the illumination 
transferring means. 

Preferably the imaging means comprises a CCD 



camera. The CCD camera would then typically be inter- 
faced with an external image processor unit and video 
display whereby dental operations may be observed by 
dentist and patient, or medical procedures may be 
observed by physicians and other medical personnel. 
Data storage means may be included to store images 
from dental operations for later reference. 

The swivel means for rotatably coupling the body 
and connector of the apparatus generally may comprise 
a spool and spool body, with the spool located at the 
coupling end of the connector and the spool body 
located at the coupling end of the body. Alternatively, 
the placement of the spool and spool body could be 
reversed. The spool and spool body may be coaxial with 
the rotational axis of the body and connector, with the 
spool engaging the spool body in a male-female config- 
uration. Compressed air, exhaust air, water and other 
fluid (gas or liquid) paths in the body may be interfaced 
respectively with like paths in the connector via the 
spool body and spool by conventional means The spool 
body allows air, exhaust, water and other fluid paths to 
remain in flow communication while the body is swivel- 
ling or rotating relative to the connector. The image and 
illumination transferring means are preferably coaxial at 
the coupling ends of the body and connector, and pref- 
erably pass through the spool and spool body arrange- 
ment. 

The image and illumination transfer means as 
related above may be employed in an apparatus without 
a swivel feature. In an alternative embodiment of the 
invention, the illuminating fiber-optic bundle pieces and 
the imaging bundle and optical paths do not require any 
coaxial location. 

The invention may thus provide an apparatus hav- 
ing an internal imaging system which permits video 
monitoring of dental and medical procedures. 

The invention may also provide an imaging instru- 
ment in which the body of the handpiece can swivel or 
rotate 360 degrees relative to a swivel connector and 
supply hose while the instrument is in use without dis- 
tortion or disruption of images during rotation. 

Another aspect of the invention is to provide for an 
imaging instrument wherein the video image provided 
by the imaging system rotates in accordance with the 
rotation or swivelling of the body of the instrument 

Other aspects of the invention are to provide: an 
imaging instrument having a quickly detachable and 
interchangeable portion which can be sterilized; an 
apparatus which can magnify images of abnormalities 
or a work area in an oral cavity; an imaging instrument 
which can access hard to reach places; an imaging 
instrument having a connector member which is inter- 
changeable with other instruments; and a connector 
member which is interchangeable with a conventional 
dental non-imaging handpiece. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood by refer- . 
ence to the following drawings which are for illustrative 
purposes only: s 

FIG. 1 is a side elevation view in cross-section of a 
dental/medical instrument in accordance with the 
present invention providing for rotation of the body 
portion relative to the connector portion. io 
FIG. 2 is a side elevation view in cross-section of 
the body portion of the dental/medical instrument 
shown in FIG. 1 . 

FIG. 3 is cross-sectional view of the handpiece 
body shown in FIG. 2 taken through line 3-3. is- 
FIG. 4 is a side elevation view in cross-section of 
the connector portion of the dental/medical instru- 
ment shown in FIG. 1 . 

FIG. 5 is a cross-sectional view of the connector 
shown in FIG. 4 taken through line 5-5. 26 
FIG; 6 is a partial side elevation view in cross-sec- 
tion of the dental/medical instrument shown in FIG. 
1, showing a detail of the swivel connection and 
imaging transfer optics. 

FIG. 7 is a bottom plan view of a bifurcated fiber- 25 
optic cable employed as a first fiber-optic illumina- 
tion bundle in the body portion of the invention 
shown in FIG. 2.. 

FIG. 8 is an end view of the flared annular end of 
the fiber-optic cable shown in FIG. 7. 30 
FIG. 9 is a perspective view of an annular fiber-optic 
cable employed as a second fiber-optic illumination 
bundle in the connector portion of the invention 
shown in FIG. 4. 

FIG. 1 0 is a side elevation view in partial cutaway of 35 
a preferred arrangement of imaging and illuminat- 
ing fiber-optic bundles in the handpiece body 
shown in FIG. 2. ^irr' .a- 
FIG. 11 is a side elevation view of a preferred 
arrangement for an illuminating fiber-optic bundle 40 
and imaging optical path and lens in the handpiece 
connector shown in FIG. 4. 

FIG. 12 is a side elevation view in partial cutaway of 
an alternative embodiment of the fiber-optic 
arrangement of FIG. 1 0 shown with an imaging lens 45 
positioned in the body portion handpiece body. 
FIG. 13 is a side elevation view of an alternative 
embodiment of the illuminating fiber-optic bundle 
and imaging optical path and lens of FIG. 1 1 shown 
with a fiber-optic imaging bundle between the end so 
of the connector and the imaging lens. 
FIG. 14 is a bottom plan view of the head portion of 
the handpiece body shown in FIG. 2 employing the 
bifurcated fiber-optic illumination cable shown in 
FIG. 7. 55 
FIG. 15 is a side elevation view in partial cutaway of 
an alternative embodiment of the imaging and illu- 
minating fiber-optic bundle arrangement of FIG. 10 
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showing the illumination bundle having a flared 
annular end adjacent to the head portion of the 
body. 

FIG. 16 is a bottom plan view of an alternative 
embodiment of the head portion of the handpiece 
shown in FIG. 14 employing the imaging and illumi- 
nating fiber-optic bundle arrangement shown in 
FIG. 15. 

FIG. 1 7 is a side elevation view in cross-section an 
alternative embodiment of the dental/medical 
instrument shown in FIG. 1 wherein the body and 
connector portions do not swivel. 
FIG. 18 is a side elevation view in cross-section of 
the body portion of the dental/medical instrument 
shown in FIG. 17. 

FIG. 19 is an end view of the handpiece body 
shown in FIG. 18. 

FIG. 20 is side elevation view in cross-section of the 
connector portion of the dental/medical instrument 
shown in FIG. 17. 

FIG. 21 is cross-sectional view of the connector 
shown in FIG. 20 taken through line 21-21 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring more specifically to the drawings, for illus- 
trative purposes the present invention is embodied in 
the apparatus which is generally shown in FIG. 1 
through FIG. 21. It will be appreciated that the appara- 
tus may vary as to configuration and as to details with- 
out departing from the basic concepts as disclosed 
herein. 

Referring first to FIG. 1 through FIG. 6, a first 
embodiment of a dental/medical instrument 10 in 
accordance with the present invention is generally 
shown. As shown in FIG. 1 , FIG. 2 and FIG. 4. the den- 
tal/medical instrument 10 generally comprises an elon- 
gated handpiece body portion 12, and an elongated 
connector portion 14. Body 12 includes a first or proxi- 
mal end 1 6, and a second or distal end 1 8 (FIG. 2). Con- 
nector 14 includes a first or proximal end 20 (FIG. 4), 
and a second or distal end 22. Second end 18 of body 
12 is reversibty coupled to first end 20 of connector 14, 
as discussed below in more detail. A supply hose 24 is 
coupled to second end 22 of connector 1 4. 

An operative tool 26 such as a drill, bur, laser cutter, 
aspirator, abrader, or the like is coupled to head 28 adja- 
cent the first end 16 of body 12. Where a rotationalry 
driven tool 26, such as a drill or the like is used, tool 26 
can be interchangeable and may be removed from head 
28 and replaced with another tool, as is common in the 
trade. As means for powering tool 26, an electric motor 
or the like could be included in head 28 for directly driv- 
ing tool 26. or located in the body with appropriate belts 
or gears being used to couple the motor to tool 26. If an 
electric motor is used, it could be powered by an exter- 
nal source of power or by batteries included within the 
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instrument itself. Alternatively, where gas or liquid is 
used to rotate the tool, head 28 could include a rota- 
tional power means such as a conventional turbine cou- 
pled to tool 26. Where, for example, the turbine is air- 
driven, body 12 would include a drive air line! 30 and 5 
connector 14 would include a drive air line 32, with the 
drive air lines 30, 32 being in flow communication 
between body 12 and connector 14 when body 12 and 
connector 14 are coupled together. If necessary, body 
12 can also include an assist air line 34 which is in flow 10 
communication with an assist air line 36 in connector 1 4 
when body 12 and connector 14 are joined together. A 
supply hose 24 would also be included as means for 
supplying compressed air (not shown) drive air line 32 
and assist air line 36 adjacent second end 22 of connec- 75 
tor 14. The drive and assist air lines may comprise 
hoses, tubes, passages, paths, or channels formed 
within body 12 and connector 14, or any other suitable 
means for delivering compressed air to the turbine. A 
plurality of drive air and assist air lines may be included 20 
in body 12 and connector 14, and the particular config- 
uration of air lines shown in FIG. 1 through FIG. 5 is 
merely one of many such arrangements suitable for use 
with the present invention. 

With fluid driven turbines, the handpiece also pref- 25 
erably includes exhaust lines 38, 40 (FIG. 3) in body 12. 
and exhaust lines 42, 44, 46, 48 (FIG. 5) in connector 1 4 
which are in flow communication when body 12 and 
connector 14 are engaged. Exhaust from the turbine is 
received by the exhaust lines and directed away from 30 
the handpiece 10 and vented, preferably through suita- 
ble exhaust receiving means (not shown) associated 
with supply hose 24. Exhaust paths 38 through 48 may 
comprise tubes, hoses, channels, paths, passages, or 
like means for receiving exhaust from the turbine and 35 
directing it to a remote location where it will not interfere 
with dental operations. Note also that exhaust gas such 
as air, when the turbine is gas-driven, may also serve as 
assist air by being directed towards the tool to aid in 
removal of debris, or to prevent water or other material 40 
from interfering with imaging as discussed further 
below. 

Where tool 26 is a rotational tool driven by a turbine 
or electric motor, dental/medical instrument 10 can 
include means for directing water to tool 26 to provide 45 
cooling to fictionally related surfaces and to aid in 
removal of loosened debris from the tool 26 and work 
area 50 adjacent to tool 26. The water directing means 
preferably comprises a water Gne 52 in body 12 which is 
in flow communication with water line 54 in connector so 
14, when body 12 and connector 14 are engaged. 
Water supply means (not shown) in supply hose 24 pro- 
vide water to water lines 52, 54. An orifice or nozzle 56 
on water line 52 directs water along path 58 towards tool 
26. Marry possible configurations and arrangements of 55 
water lines are suitable for. use with the present inven- 
tion, and the particular arrangement of the water direct- 
ing means as shown in FIG. 1 through FIG. 5 is merely 



illustrative. Water lines 52, 54 may comprise tubes, 
hoses, channels, paths, passages, or the like. 

Imaging means are provided with the present 
invention to allow the dentist and patient to view tool 26 
and work area 50 during dental operations. Preferably, 
the imaging means comprises a CCD camera 60 or 
other solid state imaging device or any imaging means 
commonly used in the endoscopy art. CCD camera 60 
is shown as included within connector 14, but may alter- 
natively be located remotely from handpiece 10 and 
receive images therefrom by fiber-optic or other conven- 
tional image transmission means. An image processor 
(not shown) may also be included. CCD camera 60 is 
interfaced by suitable means to a remote video display 
or TV monitor (not shown) whereby dental operations 
may be observed. Data storage means (not shown) and 
image printing means (not shown) may be included to 
store images from dental operations for later reference. 

In the preferred embodiment, all fluid paths ar 
arranged within connector 14 so that all fluids provid 
cooling to CCD camera 60. Water line 54 in connector 
may also be positioned to provide cooling to CCD cam- 
era 60. Providing cooling to CCD camera 60 will 
improve the signal to noise ratio and increase the quality 
of the image, as well as increase the useful life of the 
camera. 

The invention includes illumination transferring 
means for transferring illumination from a light source to 
tool 26 and work area 50, and image transferring means 
for transferring images from drill 26 and work area 50 to 
an imaging means such as CCD camera 60. The illumi- 
nation and imaging transferring means of the present 
invention will be more fully understood by referring also 
to FIG. 7 through FIG. 1 1 as well as FIG. 1 through FIG. 
6. 

Referring more particularly to FIG. 7 through FIG. 
9, the illumination transferring means preferably com- 
prises a first illuminating fiber-optic bundle 62 in body 
12, and a second illuminating fiber-optic bundle 64 in 
connector 14. First and second illuminating bundles 62, 
64 are preferably flexible, incoherent type fiber-optic 
bundles, but could alternatively be a fused coherent 
fiber-optic bundle. As seen most clearly in FIG. 7, first 
illuminating bundle 62 includes a first illumination 
branch 66 and a second illumination branch 68 forming 
a bifurcated end, and a flared annular end 70 opposite 
illumination branches 66, 68. Referring to FIG. 9, sec- 
ond illuminating bundle 64 includes a flared annular end 
72 and a tight bundled or solid end 74. The individual 
optical fibers 76 in bundle 64, which are bunched 
together at solid end 74, are posrtionally rearranged 
along the length of bundle 64 to form a circular or annu- 
lar arrangement of optical ffcrrs 76 at annular end 72, 
thereby defining a channel or cavity 78 within annular 
end 72. Similarly, the individual optical fibers (not 
shown) in first illuminating bundle 62 are posrtionally 
rearranged along the length of bundle 62 from an annu- 
lar arrangement at annular end 70 into illumination 
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branches 66, 68. A channel or cavity 80 is generally 
defined within annular end 70. Solid end 74 of second 
illuminating bundle 64 is interfaced or coupled with a 
light source, such as a light bulb or other fiber-optic illu- 
mination source (not shown) in connector 14 or supply $ 
hose 24. ft will be appreciated that the light source could 
be located either within body 12 or connector 14 rf 
desired. For example, the light source could be a small 
bulb which is located within the body 12 and which is in 
dynamic contact with the connector 14 to power the w 
bulb. 

First illuminating bundle 62 is positioned within 
body 12. and second illuminating bundle 64 is posi- 
tioned within connector 14, so that annular end 70 of 
first illuminating bundle 62 is positioned adjacent sec- 15 
ond end 18 of body 12, and annular end 72 of second 
illuminating bundle 64 is positioned adjacent first end 20 
of connector 1 4. Annular ends 70, 72 of first and second 
bundles 62, 64 respectively are positioned so that they 
are aligned and optically interface with each other when 20 
body 12 and connector 14 are coupled together. Note, 
however, that the annular ends do not touch so as not to 
introduce rotational drag. This configuration allows illu- 
mination received from solid end 74 of second illuminat- 
ing bundle 64 to transfer or travel from annular end 72 to 2s 
annular end 70, and hence to first and second illumina- 
tion branches 66, 68 of first illuminating bundle 62. First 
and second illumination branches 66, 68 are positioned 
adjacent head 28 at body first end 16, and provide dual 
lighting to tool 26 and work area 50, as seen be seen in 30 
FIG. 14. This preferred dual lighting arrangement 
reduces shadows and optimizes images received from 
work area 50. Preferably, annular ends 70. 72 of first 
and second illumination bundles 62, 64 are positioned 
coaxially relative to the rotational axis 82 of body 1 2 and 35 
connector 1 4, as shown in FIG. 1 through FIG. 6, so that 
the relative position and orientation of annular ends 70, 
72 will remain fixed during rotational or swivelling 
motion of body 12 relative to connector 14, allowing illu- 
mination transfer during the swivel motion. In other 40 
words, when the optical axis of first and second illumi- 
nating bundles 62, 64 are coaxial with the rotational axis 
82 of body 12 and handpiece 14, uninterrupted illumina- 
tion transfer occurs over 360 degrees of rotation. 

Referring more particularly to FIG. 6, FIG. 10, and 45 
FIG. 1 1 as well as FIG. 1 through FIG. 5. the preferred 
image transferring means is generally shown together 
with the illumination transferring means. The image 
transferring means generally comprises a fiber-optic 
imaging bundle 84 included in body 12. Imaging bundle so 
84 is preferably a fused coherent fiber-optic bundle, but 
could alternatively be a flexible coherent f ber-optc bun- 
dle provided that image alignment can be maintained. 
Imaging bundle 84 has a first end 86 positioned adja- 
cent tool 26 and work area 50, and a second end 88 ss 
positioned adjacent body second end 18. Imaging 84 
bundle has an optical axis 90 (FIG. 10), and ends 86, 88 
of bundle preferably have surfaces which are perpendic- 



ular to the optical axis 90. Note also that the second end 
88 of imaging bundle 84 is longitudinally offset from the 
coupling end of body 12 so as to prevent interference 
from any light leakage at the flared annular ends of the 
illumination bundles 62, 64. 

An objective lens system 92 is included at first end 
86 of imaging bundle 84, and is positioned to receive 
images from work area 50. Focusing means (not 
shown) for posrtionally adjusting objective lens system 
92 relative to drill 26 and work area 50 are preferably 
included with objective lens system 92. An imaging win- 
dow 94 (FIG. 6) is included on imaging bundle second 
end 88, and a protective imaging window 96 (FIG. 14) is 
included adjacent head 28 to protect objective lens sys- 
tem 92 from water spray and debris from work area 50 
while allowing transmission of images therethrough. 

The image transferring means projects images 
along an optical path 98, which extends between body 
12 and connector 14, as seen most clearly in FIG. 6. 
Images received by objective lens 92 are transmitted 
through imaging bundle 84 and along optical path 98 to 
CCD camera 60. Optical path 98 preferably resides 
within the channels or hollow portions 78, 80 defined by 
annular ends 70, 72 of first and second illuminating bun- 
dles 62, 64. Optical path 98 is preferably coaxial with 
rotational axis 82 and CCD camera 60, so that when 
body 12 and connector 14 are coupled together, images 
from imaging bundle 84 are transferred along optical 
path 98. Optical path 98 is coaxial with rotational axis 
82, so that images may be transmitted from imaging 
bundle 84 along optical path 98 during rotational motion 
of body 12 relative to connector 14 without interruption 
or distortion of images. 

A focusing lens system 100 is positioned in connec- 
tor 14 along optical path 98 between CCD camera 60 
and second end 88 of imaging bundle 84. Referring to 
FIG. 1 1 , lens system 100 may be included at any point 
along optical path 98. and is preferably located along 
optical path 98 within channel 78 at annular end 72 of 
second illuminating bundle 64 in connector 14. Lens 
system 100 is coaxial with optical path 98 and rotational 
axis 82 of body 12 and connector 14. Lens system 100 
generally includes conventional optics for fiber-optic 
transmission, such as a field flattener and a plurality of 
doublet lenses. 

Referring also to FIG. 12 and FIG. 13. alternative 
embodiments of focusing lens system 100 are shown 
wherein like reference numerals denote like parts. 
Referring to FIG. 12, lens system 100 is located in body 
12 within cavity 80 in the annular end 70 of illumination 
bundle 62, and along optical path 98 adjacent to second 
end 88 of imaging bundle 84. In this embodiment, lens 
system 100 can be eliminated from the connector 
instead of positioned as shown in FIG. 1 1 . Or, as can be 
seen in FIG. 13. a second imaging bundle 102 can be 
included in connector 14 along optical path 98 between 
lens system 100 and the end of the connector. Second 
imaging bundle 102 is preferably a fused, coherent 
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fiber-optic bundle, but may alternatively be a flexible, 
coherent bundle. Images from imaging bundle 84 are 
transferred or transmitted along optical path 98 through 
second imaging bundle 102 to CCD camera 60. As 
shown in FIG. 13, lens system 100 is included along 5 
optical path 98 at a position which is closer to CCD 
detector 60 than is shown in FIG. 1 1 , in order to accom- 
modate second imaging bundle 102. Those skilled in 
the art will appreciate that other lens placements are 
possible. While the optical medium along optical path 10 
98 is preferably air, it is contemplated that vacuum, liq- 
uids, fused glass, or other optical media capable of 
transferring images may comprise the optical medium 
along optical path 98. 

Referring now to FIG. 15 and FIG. 16, there is 15 
shown an alternative configuration for the illumination 
transferring means of the present invention and its posi- 
tional relationship to the image transferring means, 
where like reference numerals denote like parts. In this 
embodiment, body 12 includes a first illuminating bun- 20 
die 104 having two flared annular ends 106, 108, 
wherein individual ftoers 110 are arranged in a circular 
or annular fashion at each end 106. 108. of bundle 104. 
Annular end 108 is positioned adjacent second end 18 
of body 14, and annular end 106 is positioned adjacent 2s 
drill head 28 at body first end 16. so that illumination 
from annular end 72 of second illuminating bundle 64 in 
connector 14 is transferred to annular end 108 of bundle 
104, and hence to annular end 106. This configuration 
provides an annular illumination pattern for work area 30 
50, as shown in FIG. 16. with illumination provided in a 
circular or oval fashion around imaging window 96. The 
bifurcated illuminating fiber arrangement of FIG. 7, FIG. 
10. and FIG. 12 in contrast provides illumination from 
illumination branches 66. 68 along paths 110 (FIG. 10 36 
and FIG. 12). 

It should be readily apparent to persons skilled in 
the art that the image and illumination transferring 
means related herein are but a few of many ways and 
configurations by which images may be transferred from 40 
tool 26 to CCD camera 60, and illumination transferred 
from a light source to tool 26. A plurality of suitably ori- 
ented lenses and mirrors along an optical path extend- 
ing from an area adjacent head 28 to CCD camera 60 
could also serve as transferring means for images and 45 
illumination without the use of f toer-optic bundles. The 
illumination means could be a light source adjacent to 
tool 26 and work area 50. or could be included within 
body 1 2 and transferred by fiber-optic or other means to 
work area 50 and tool 26, or the illuminating means so 
could be located remotely and transferred by fiber-optic 
illuminating bundles 62, 64 as related above in the pre- 
ferred embodiment. CCD camera 60 is shown generally 
in FIG. 1 and FIG. 4 as housed coaxially within connec- 
tor 14. and communicating with a remote video monitor ss 
or other display means (not shown) via video link 1 12 or 
other electronic or optical communication channel in 
supply hose 24. CCD camera 60 may alternatively be 



placed off-center within connector 14, with the image 
transferring means including mirrors or additional fused 
or flexible fiber-optic bundles to direct images to CCD 
camera 60. Other fiber-optic bundle arrangements may 
be used alternatively or in addition to those related 
above. For example, optical path 98 may alternatively 
comprise a pair flexible or fused fiber-optic bundles 
which are interfaced at the junction of body 12 and con- 
nector 14. Generally, the transferring means will require 
some coaxial components adjacent the junction of body 
12 and connector 14 to allow continuous transfer of 
images and illumination while body 12 and connector 14 
rotate relative to each other. 

Referring again to FIG. 1 , FIG. 2, FIG. 4 and FIG. 6, 
the invention preferably includes swivel means for rotat- 
ably coupling body 12 to connector 14, so that body 12, 
and thus tool 26, may be moved 360 degrees relative to 
connector 14 and supply hose 24. Referring more par- 
ticularly to FIG. 6 as well as FIG. 2 and FIG. 4, the 
swivel means preferably comprises an annular swivel 
ring 114 adjacent second end 18 of body 12, which 
reversibly engages a snap-on ring 116 on connector 
first end 20 which is contained generally within an encir- 
cling flange 118. Swivel ring 114 and snap-on ring 116 
engage or couple in manner which allows facile rotation 
or swivelling of body 12 relative to connector 14. 

The swivel means also comprises a spool 120 on 
connector first end 20 which rotatably engages a spool 
body 122 on body second end 18 when connector 14 
and body 12 are joined together. Spool 120 could alter- 
natively be included on body second end 18, with spool 
body placed on connector first end 20. A plurality of 
inwardly disposed lateral channels 124, 126, and 128 
(FIG. 2) are included in spool body 122, and a plurality 
of outwardly disposed lateral channels 130, 132. and 
134 (FIG. 4) are included on spool 120. Spool 120 also 
includes a lateral groove 136 (FIG. 4) which is parallel to 
channels 130, 132. and 134. When spool 120 and spool 
body 122 are engaged, channels 124, 126. 128 in spool 
body 122 are aligned with channels 130, 132. and 134 
respectively of spool 120. so that a plurality of internal 
lateral passages 138, 140, and 142 (FIG. 6) are formed 
between spool 120 and spool body 122. Groove 136 in 
spool 120 abuts spool body 122 to form lateral channel 
144 (FIG. 6). Drive air lines 30, 32, assist air lines 34. 
36, and water lines 52, 54 remain in f tow communication 
during rotational motion of body 12 relative to connector 
14 through the passages thus formed by the engaging 
or coupling of spool 120 and spool body 122. As shown 
in FIG. 6, water line 52 in body 12 is inflow communica- 
tion with water line 54 in connector 14 via passage 142, 
assist air line 34 in body 12 is interfaced with assist air 
line 36 in connector 14 through passage 138, and drive 
air line 30 in body 12 is in communication with drive air 
line 32 in connector 14 through passage 144. Water line 
52 directs water to spray nozzle 56 adjacent to head 28 
(FIG. 14, FIG. 16) to create a water spray. As can be 
seen in FIG. 2, in the preferred embodiment assist air 
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line 34 is in flow communication with water line 52 and 
the assist air is used for generating the water spray. 
Additionally, drive air line 32 is preferably tapped and 
compressed air is directed through air nozzle 146 (FIG. 
14, FIG. 16) to provide an air curtain which keeps imag- 
ing window 96 clean. Alternatively, exhaust air could be 
used for the air curtain. It should be readily apparent to 
persons of ordinary skill in the art, however, that many 
possible arrangements are possible within spool 120 
and spool body 122 for providing flow communication of 
air and water lines during rotational motion, and the 
arrangement shown in FIG. 2, FIG. 4, and FIG. 6 is but 
one of many possibilities within the scope of the present 
invention. 

The image and illumination transferring means 
pref rably pass through spool 120 and spool body 122. 
As shown in FIG. 4, the annular end 72 of second illumi- 
nating ftoer-optic bundle 64 passes through spool 120, 
and lens system 100 is located therewithtn. Annular end 
70 f first illuminating fiber-optic bundle 62 is coaxially 
positioned in body 12 relative to spool body 122, so that 
annular end 70 will interface with annular end 72 of sec- 
ond illuminating bundle 64 when spool 120 and spool 
body 1 22 are engaged. When spool 1 20 and spool body 
122 are engaged, images from imaging bundle 84 are 
transmitted along optical path 98 through spool 120 and 
spool body 122 to CCD camera 60. Thus, image and 
illumination transfer, as well as compressed air and 
water supply, are not interrupted by rotational motion of 
body 12 relative to connector 14 during dental proce- 
dures. The swivel means allows easy manipulation of 
the handpiece 10 and produces little or no stress on the 
hand of a dentist using the invention. The swivel feature 
of the invention also allows quick disconnection of body 
12 from connector 14, and replacement with a different 
instrument. All of the components included in body 12 
are preferably made of materials which can be sterilized 
by autoclaving or other means. 

The swivel connection of the present invention 
makes it easier for a dentist to identify a tooth and orient 
th handpiece than is possible in conventional den- 
tal/medical tools with imaging systems, although it will 
be appreciated that the swivel means can be eliminated 
if desired as described below. The present invention 
provides a true representation of tool to tooth orienta- 
tion, and a dentist using the invention can use the orien- 
tati n or position of the tip of tool 26 (when, for example, 
tool 26 is a drill bit) on the video screen as a pointer 
since it will always be seen 

When the body 12 of the invention is positioned 
with th head 28 and tool 26 pointing towards a particu- 
lar tooth, the image relayed by the invention to a video 
monitor is the true representation of the orientation of 
tool 26 and head 28 relative to the tooth. Rotation of 
body 12 relative to connector 14 results in a corre- 
sponding rotation of the screen image, maintaining a 
video image of the true orientation of tool 26 and tooth. 
The tool 26 is in view at all times, and follows the move- 
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ment of handpiece 10. The tool 26 may thus be used as 
a pointer or positioning guide when using the invention. 
The patient as well as the dentist may view the proce- 
dure with the present invention. 

5 Referring now to FIG. 17 through FIG. 21 , there is 

shown an alternative embodiment of a handpiece 148 in 
accordance with the present invention. Handpiece 148 
includes an elongated body 150 which reversibly cou- 
ples to an elongated connector 152. Body 150 includes 

io a first end 154 and a second end 156 (FIG. 18), and 
connector 152 includes a first end 158 (FIG. 20) and a 
second end 160. Connector 152 includes an annular 
sleeve 162 adjacent connector first end 158. with a plu- 
rality of inward facing threads 1 64 on sleeve 162. Body 

15 second end 156 includes a plurality of outwardly dis- 
posed threads 1 66 which reversibly engage threads 1 64 
to couple body 150 and connector 152 together. Body 
150 includes a head 168 which contains an inter- 
changeable tool 170 or the like. Where a rotating tool 

20 1 70 is employed, head 1 68 would include a turbine cou- 
pled to tool 170. The turbine would be driven by com- 
pressed air or the like flowing through drive air line 1 74 
in body 150 and drive air line 176 in connector 152, with 
drive air lines 172, 174 in flow communication between 

25 body 150 and connector 152 when body 150 and con- 
nector 152 are coupled together. Also included is an 
assist air line or tube 176 in body 150. which is in flew 
communication with assist air line 178 (FIG. 21) in con- 
nector 152 when body 150 and connector 152 are cou- 

30 pled together. Supply hose 180, coupled to connector 
second end 160. includes means for supplying com- 
pressed air (not shown) which is interfaced with drive air 
line 174. Exhaust path 182 in body 150 interfaces with 
exhaust paths 184, 186 in connector 152. Exhaust air 

35 paths 184, 186 in connector 152 are preferably posi- 
tioned to provide air cooling to the imaging means. 
Means for directing water to tool or bur 1 70 comprises a 
water line or passage 188 in body 150 which interfaces 
with water line 190 in connector 152. Water supply 

40 means (not shown) in supply hose 1 80 provide water to 
water lines 1 88. 190. An orifice or nozzle (not shown) on 
water line 188 directs water along path 192 to tool 170. 

Imaging means, preferably in the form of a CCD 
camera 194 (FIG. 17, FIG. 20), are induded in connec- 

45 tor 152. The imaging means preferably also comprises 
an image processor and video display (not shown) 
which are interfaced to CCD camera 194. Illuminating 
means are preferably provided in the form of an illumi- 
nating ftoer-optic bundle 196 (FIG. 21) within connector 

so 1 52, which receives illumination from a light source (not 
shown). 

Illumination transferring means are included in the 
form of fiber-optic bundle 198 (FIG. 18) which has a first 
or bifurcated comprising a first illumination branch 200 
55 and a second illumination branch (not shown). Bundle 
198 includes a second end 202 (FIG. 18) which is posi- 
tioned adjacent body second end 156, so that second 
end 202 which interfaces with an end (not shown) of illu- 
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minating bundle 196 in connector 152. Illuminating bun- 
dle 198 is preferably a flexible, incoherent type fiber- 
optic bundle, but may alternatively comprise a fused, 
coherent fiber-optic bundle. 

Image transferring means is generally included in s 
the form of ffoer-optic image bundle 204 in body 150, 
which is coupled to an objective lens system 206 adja- 
cent tool 1 70 and work area 208. Imaging bundle 204 is 
preferably a fused coherent fiber-optic bundle, but may 
alternatively be a flexible coherent ffoer-optic bundle. 10 
The image transferring means would project an image 
along an optical path 210 which extends between body 
150 and connector 152, with optical path 210 being 
aligned with CCD camera 194. Lens system 21 2 directs 
images from imaging bundle along optical path 210 to 75 
CCD camera 194. 

The handpiece 102 comprising the alternative or 
second embodiment of the present invention operates 
in generally the same manner as the handpiece 10 
related above, with the primary exception being the 20 
absence of the swivel means present in the first embod- 
iment handpiece 10. Once body 150 and connector 152 
are coupled by threading, body 150 remains fixed in 
position relative to connector 152 and supply hose 180. 
Since no rotational motion is present, there is no rota- 25 
tional axis, and the image transferring and illumination 
transferring means do not require coaxial components 
as in the first embodiment, and need not be coaxial at 
all. As shown FIG. 17 through FIG. 21 , the positions of 
optical paths 21 2 is off-center relative to the central axis 30 
(not shown) of body 150 and connector 152. Similarly, 
illuminating ftoer-optic bundles 196, 198 are off-center. 
Since the illumination and image transferring means 
need not be coaxial with the rotational axis in handpiece 
1 48 of this embodiment, annular f ber-optic bundle ends 35 
are not required for illumination transfer. As with the first 
embodiment of the invention, a number of optical paths 
and fiber-optic configurations and arrangements may be 
used for the image and illumination transferring means. 
The transferring means related for the first embodiment 40 
could also be used in the alternative embodiment Sim- 
ilarly, imaging means other than a CCD camera, and 
illuminating means other than illuminating fiber-optics 
may be used with handpiece 148. Also, since the alter- 
native embodiment does not include the swivel feature 45 
of the first embodiment, the video image obtained by 
handpiece 148 will always have a downward orientation 
on the video monitor, even when the tool or bur is 
pointed upward inside the mouth of a patient. This 
image could be electronically reversed to display the so 
true orientation of the tool to the tooth. 

Accordingly, it will be seen that the present inven- 
tion provides a dental/medical instrument wherein a 
body portion is quickly and easily detachable from a 
connector, and which provides a swivel feature allowing ss 
the body to rotate 360 degrees relative to the connector. 
Although the description above contains many specifici- 
ties, these should not be construed as limiting the scope 



of the invention but as merely providing illustrations of 
some of the presently preferred embodiments of this 
invention. Thus, the scope of the invention should be 
determined by the appended claims and their legal 
equivalents. 

Claims 

1. A dental/medical instrument, comprising: 

(a) a body member, said body member includ- 
ing a first end and a second end; 

(b) a connector member, said connector mem- 
ber having a first end and a second end; 

(c) coupling means for detachably coupling 
said second end of said body member to said 
first end of said connector member; 

(d) illumination transferring means for transfer- 
ring illumination from a light source to a work 
area adjacent to said first end of said body 
member, said illumination transferring means 
extending through said body member and said 
connector member, said illumination transfer- 
ring means including opposing annular ends 
adjacent said coupling means, said opposing 
annular ends having a coaxial opening there- 
through; 

(e) image transferring means for transferring an 
image of said work area through an optical path 
extending through said coaxial opening in said 
illumination transferring means; and 

(f) imaging means for detecting said image for 
visual display or recording thereof. 

2. A dental/medical instrument as recited in claim 1, 
wherein said illumination transferring means com- 
prises: 

(a) a first illuminating fiber-optic bundle, said 
first illuminating bundle included in said body 
member, said first illuminating bundle having a 
first end, and an annular second end, said first 
end positioned adjacent said first end of said 
body, said annular second end positioned adja- 
cent said second end of said body member; 
and 

(b) a second illuminating fiber-optic bundle, 
said second illuminating bundle included in 
said connector member, said second illuminat- 
ing bundle including a first annular end posi- 
tioned adjacent to said first end of said 
connector, said second illuminating bundle 
including a bundled end, said bundled end con- 
figured for receiving light from said light source. 

3. A dental/medical instrument as recited in claim 1 , 
wherein said image transferring means comprises 
an imaging fiber-optic bundle, said imaging bundle 
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included in said body member, said imaging bundle 
having a first end positioned adjacent to said first 
end of said body member, said imaging bundle hav- 
ing a second end adjacent said second end of said 
body member. 5 

4. A dental/medical instrument as recited in claim 1 , 
further comprising: 

(a) first lens means for directing images to said 10 
image transferring means, said first lens 
means positioned in said body member adja- 
cent to said first end of said image transferring 
means; and 

(b) second lens means for directing images is 
from said image transferring means to said 
imaging means. 

5. A dental/medical instrument as recited in claim 1 , 
wherein said coupling means includes swivel 20 
means for rotatably coupling said body member to 
said connector member. 

6. A dental/medical instrument as recited in claim 5, 
wherein said body member and said connector 25 
member have a common rotational axis, said annu- 
lar end of said first illuminating bundle positioned 
coaxially with said rotational axis, said annular end 

of said second illuminating bundle positioned coax- 
ially with said rotational axis, said first end of said 30 
imaging bundle positioned coaxially with said rota- 
tional axis, and said optical path positioned coaxi- 
ally with said rotational axis. 

7. A dental/medical instrument, comprising: 35 

(a) an elongated body, said body including a 
first end and a second end; 

(b) an elongated connector, sad connector 
including a first end and a second end, said 40 
connector and said body sharing a rotational 
axis; 

(c) swivel means for rotatably and reversibly 
coupling said body to said connector, said 
swivel means included adjacent said second 45 
end of said body and said first end of said con- 
nector, said swivel means including a spool, 
said swivel means including a spool body, said 
spool engaging said spool body, said spool and 
said spool body positioned coaxially with said so 
rotational axis; 

(d) illumination transferring means for transfer- 
ring illumination from a light source to a work 
area adjacent to the instrument; 

(e) image transferring means for transferring an ss 
image of said work area through an optical path 
which is coaxial with the rotational axis of said 
swivel means; and 



(f) imaging means for detecting said image for 
visual display or recording thereof. 

8. A dental/medical instrument as recited in claim 7, 
wherein said image transferring means comprises 
an imaging fiber-optic bundle, said imaging bundle 
included in said body, said imaging bundle having a 
first end positioned adjacent to said first end of said 
body, said imaging bundle having a second end 
adjacent said second end of said body. 

9. A dental/medical instrument as recited in daim 7, 
further comprising: 

(a) first lens means for directing images to said 
image transferring means, said first lens 
means positioned in said body adjacent to said 
first end of said image transferring means; and 

(b) second lens means for directing images 
from said image transferring means to said 
image means. 

10. A dental/medical instrument as recited in claim 7, 
wherein said illumination transferring means com- 
prises: 

(a) a first illuminating fiber-optic bundle, said 
first illuminating bundle included in said body, 
said first illuminating bundle having a first bifur- 
cated end and a second annular end. said 
bifurcated end including a first illumination 
branch and a second illumination branch, said 
first and second illumination branches posi- 
tioned adjacent said first end of said body, said 
annular end positioned adjacent said second 
end of said body; and 

(b) a second illuminating fiber-optic bundle, 
said second illuminating bundle included in 
said connector, said second illuminating bundle 
including a first annular end positioned adja- 
cent to said first end of said connector, said 
second illuminating bundle including a bundled 
end, said bundled end configured for receiving 
light from said light source. 

11. A dental/medical instrument, comprising: 

(a) an elongated body, said body including a 
first end and a second end, said body including 
at least one compressed air path, said body 
including at least one exhaust air path, said 
body including at least one water supply path; 

(b) a connector, said connector detachably 
coupled to said body, said connector having a 
first end and a second end. said connector 
including at least one compressed air path, 
said compressed air paths in said connector 
interfaced with said compressed air paths in 
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said body, said connector including at least one 
water supply path, said water supply paths in 
said connector interfaced with said water sup- 
ply paths in said body, said connector including 
at least one exhaust air path, said exhaust air 5 
paths in said connector interfaced with said 
exhaust air lines in said body; 

(c) an operative tool; 

(d) rotational power means for rotating said 
operative tool, said rotational power means io 
coupled to said first end of said body, said com- 
pressed air lines positioned to provide air to 
said rotational power means, said water lines 
positioned to direct water to said operative tool, 
said exhaust lines positioned to receive is 
exhaust air from said rotational power means; 

(e) illumination transferring means for transfer- 
ring illumination from a light source to a work 
area adjacent to said operative tool; 

(f) image transferring means for transferring an 20 
image of said work area through an optical path 
extending through a coaxial opening in said 
illumination transferring means; and 

(g) imaging means for detecting said image for 
visual display or recording thereof. 25 

12. A dental/medical instrument as recited in claim 11, 
wherein said image transferring means comprises 
an imaging f ber-optic bundle, said imaging bundle 
included in said body, said imaging bundle having a 30 
first end positioned adjacent to said first end of said 
body, said imaging bundle having a second end 
adjacent said second end of said body. 

13. A dental/medical instrument as recited in claim 11, 35 
further comprising: 

(a) first lens means for directing images to said 
image transferring means, said first lens 
means positioned in said body adjacent to said 40 
first end of said image transferring means; and 

(b) second lens means for directing images 
from said image transferring means to said 
image means. 

45 

14. A dental/medical instrument as recited in claim 1 1 , 
further comprising swivel means for rotatabiy and 
reversibly coupling said body to said connector, 
said swivel means included adjacent said second 
end of said body and said first end of said connec- so 
tor, said swivel means including a spool, said swivel 
means including a spool body, said spool engaging 
said spool body, said spool and said spool body 
coaxial with said rotational axis; 

55 

15. A dental/medical instrument as recited in claim 14, 
wherein said image transferring means passes 
through said spool and said spool body, said image 



transferring means is positioned coaxially with said 
rotational axis adjacent said spool and said spool 
body, and said illumination transferring means is 
positioned coaxially with said rotational axis adja- 
cent said spool and said spool body. 

16. A dental/medical instrument as recited in claim 1 1 , 
wherein said illumination transferring means com- 
prises: 

(a) a first illuminating fiber-optic bundle, said 
first illuminating bundle included in said body, 
said first illuminating bundle having a first bifur- 
cated end and a second annular end, said 
bifurcated end including a first illumination 
branch and a second illumination branch, said 
first and second illumination branches posi- 
tioned adjacent said first end of said body, said 
annular end positioned adjacent said second 
end of said body; and 

(b) a second illuminating fiber-optic bundle, 
said second illuminating bundle included in 
said connector, said second illuminating bundle 
including a first annular end positioned adja- 
cent to said first end of said connector, said 
second illuminating bundle including a bundled 
end, said bundled end configured for receiving 
light from said light source. 

17. A dental/medical instrument, comprising: 

(a) an elongated body, said body including a 
first end and a second end, said body including 
at least one compressed air path, said body 
including at least one exhaust air path, said 
body including at least one water supply path; 

(b) a connector, said connector detachably 
coupled to said body, said connector having a 
first end and a second end, said connector 
including at least one compressed air path, 
said compressed air paths in said connector 
interfaced with said compressed air paths in 
said body, said connector including at least one 
water supply path, said water supply paths in 
said connector interfaced with said water sup- 
ply paths in said body, said connector including 
at least one exhaust air path, said exhaust air 
paths in said connector interfaced with said 
exhaust air lines in said body; 

(c) an operative tool; 

(d) illumination transferring means for transfer- 
ring illumination from a light source to a work 
area adjacent to said operative tool; 

(e) image transferring means for transferring an 
image of said work area through an optical path 
extending through a coaxial opening in said 
illumination transferring means; and 

(f) imaging means for detecting said image for 
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visual display or recording thereof. 

18. A dental/medical instrument as recited in claim 17, 
wherein said image transferring means comprises 
an imaging fiber-optic bundle, said imaging bundle 
included in said body, said imaging bundle having a 
first end positioned adjacent to said first end of said 
body, said imaging bundle having a second end 
adjacent said second end of said body. 

19. A dental/medical instrument as recited in claim 17, 
further comprising: 

(a) first lens means for directing images to said 
image transferring means, said first lens 
means positioned in said body adjacent to said 
first end of said image transferring means; and 

(b) second lens means for directing images 
from said image transferring means to said 
image means. 

20. A dental/medical instrument as recited in claim 17, 
further comprising swivel means for rotatably and 
reversibly coupling said body to said connector, 
said swivel means included adjacent said second 
end of said body and said first end of said connec- 
tor, said swivel means including a spool, said swivel 
means including a spool body, said spool engaging 
said spool body, said spool and said spool body 
coaxial with said rotational axis; 

21. A dental/medical instrument as recited in claim 20, 
wherein said image transferring means passes 
through said spool and said spool body, said image 
transferring means is positioned coaxially with said 
rotational axis adjacent said spool and said spool 
body, and said illumination transferring means is 
positioned coaxially with said rotational axis adja- 
cent said spool and said spool body. 

22. A dental/medical instrument as recited in claim 17, 
wherein said illumination transferring means com- 
prises: 

(a) a first illuminating fiber-optic bundle, said 
first illuminating bundle included in said body, 
said first illuminating bundle having a first bifur- 
cated end and a second annular end, said 

■ bifurcated end including a first illumination 
, branch and a second illumination branch, said 
first and second illumination branches posi- 
tioned adjacent said first end of said body, said 
annular end positioned adjacent said second 
. : j end of said body; and 

(b) a second illuminating fiber-optic bundle, 
said second illuminating bundle included in 
said connector, said second illuminating bundle 
including a first annular end positioned adja- 



cent to said first end of said connector, said 
second illuminating bundle including a bundled 
end, said bundled end configured for receiving 
light from said light source. 

5 

23. A dental/medical instrument, comprising: 

(a) an elongated body, said body including a 
first end and a second end; 
10 (b) a connector, said connector detachably 

coupled to said body, said connector having a 
first end and a second end; 

(c) an operative tool; 

(d) electric power means for powering said 
75 operative tool; 

(e) illumination transferring means for transfer- 
ring illumination from a light source to a work 
area adjacent to said operative tool; 

(f) image transferring means for transferring an 
20 image of said work area through an optical 

path; and 

(g) imaging means for detecting said image for 
visual display or recording thereof. 

2S 24. A dental/medical instrument as recited in claim 23. 
wherein said image transferring means comprises 
an imaging fiber-optic bundle, said imaging bundle 
included in said body, said imaging bundle having a 
first end positioned adjacent to said first end of said 

30 body, said imaging bundle having a second end 
adjacent said second end of said body. 

25. A dental/medical instrument as recited in claim 23. 
further comprising: 

35 

(a) first lens means for directing images to said 
image transferring means, said first lens 
means positioned in said body adjacent to said 
first end of said image transferring means; and 
40 (b) second lens means for directing images 

from said image transferring means to said 
image means. 

26. A dental/medical instrument as recited in claim 23. 
45 further comprising swivel means for rotatably and 

reversfoly coupling said body to said connector, 
said swivel means included adjacent said second 
end of said body and said first end of said connec- 
tor, said swivel means including a spool, said swivel 
so means induding a spool body, said spool engaging 
said spool body, said spool and said spool body 
coaxial with said rotational axis; 

27. A dental/medical instrument as recited in claim 26. 
55 wherein said image transferring means passes 

through said spool and said spool body, said image 
transferring means is positioned coaxially with said 
rotational axis adjacent said spool and said spool 
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body, and said illumination transferring means is 
positioned coaxially with said rotational axis adja- 
cent said spool and said spool body. 

28. A dental/medical instrument as recited in claim 23, s 
wherein said illumination transferring means com- 
prises: 

(a) a first illuminating fber-optic bundle, said 
first illuminating bundle included in said body, io 
said first illuminating bundle having a first bifur- 
cated end and a second annular end, said 
bifurcated end including a first illumination 
branch and a second illumination branch, said 
first and second illumination branches posi- is 
tioned adjacent said first end of said body, said 
annular end positioned adjacent said second 
end of said body; and 

(b) a second illuminating fiber-optic bundle, 
said second illuminating bundle included in 20 
said connector, said second illuminating bundle 
including a first annular end positioned adja- 
cent to said first end of said connector, said 
second illuminating bundle including a bundled 
end, said bundled end configured for receiving 25 
light from said light source. 

29. A dental/medical instrument as recited in claim 23. 
wherein said body includes at least one com- 
pressed air path and at least one water supply path, 30 
and wherein said connector includes at least one 
compressed air path and at least one water supply 
path, said compressed air paths in said connector 
interfaced with said compressed air paths in said 
body, said water supply paths in said connector 35 
interfaced with said water supply paths in said body. 

30. A dental/medical instrument as recited in claims 4, 
9, 13, 19 or 25, further comprising means for direct- 
ing compressed air over said first lens means to 40 
keep the optical path free from foreign particles. 

31 . A dental/medical instrument as recited in claim 11, 
17 or 23, further comprising cooling means for cool- 
ing heat sensitive elements within said body and 45 
said connector. 

32. A dental/medical instrument as recited in claim 31, 
wherein said cooling means comprises said air 
paths and said water supply paths. so 
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